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Cawnpore- American Cotton : An Account of 
Experiments in its Improvement by 
Pure Line Selection and of Field 
Trials, 1913-17, 

\_EfceliYd for publicafifin on 31st OciobeTf 191S.2 

L Introductory. 

I N the AgricAiUm'al Journnl of India for October 1013, a preliminary 
account was given of the results obtained with the acclimatized 
American cotton known as “ Cawnirore-American ’ , and the conclusion 
was there reached that this cotton met a distinct demand and could be 
profitably grown, jirovided the marketing of the nnginned cotton 
{kapas) could be organized. It was also shown that there was probably 
some margin for improvement in the ero]) itself both as regards 
uniformity of the lint and ginning percentage. It is now proposed 
to give a brief aceoiint of the residl s whieh have been obtained in the 
iinywoveinent (jf the crop by pure line select ion, and of the further 
information which has been gathered hi the course of tlie attempts 
jnade to e.stablish tliis croyi on a commercial scale. 

Dealing first with the held crop Cawnpore-American, in its original 
form, the statement as regards yield yireviously made has been fully 
justifietl, and the results obtained on the Kalianpur Seed Farm show 
definitely that, on the average, Cawnpore-American is at least as good a 
yielder as the highest vleiding types of desi cotton when both arc sown 
with irrigation at the optimum time. 

In 1913, careful comparisons on uiiiforin land were made of the yields 
obtained from Aligarh white-flowered desi cotton and Cawnpore- .American, 
both at Cawnpore and Etawah, with the following results : — 

Cawnporo-Amcr’icMii Alignrh whivR-flowcirod 

Cavnpore . . fi9'» Ih. per arre . 60:2 Ih, per acre 

Ftawati . . 1,187 lb. „ lb. » 
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A similar comparison was carried ovit at Etawah,in 1914 and 1915, 
with the following results : — 

Cawnporc-Atiiorican Aligarh white-floworcd 

1011: . . . 1,0G() )h. per anrft . . 961 lb, per acre 

lOl.") . . . 609 11 ), „ „ . , 4."U Ib, „ 

Tlie above figures are averages only ; detailed figures are given in 
tlio farm rc])()rt.s for the years in question. 

With such cro{)s ns cotton, ho\vo,ver, yields ohiained from small 
experimental plots arc occasionally misleading, if for no other reason 
thai\ hecauso it is |)ossi[)U‘ f-o give such areas practically perfect culti- 
vation, The results obtained from large fields at the Cawnpore 
{Kalianj)ur)8eo(! Farm, from 1913 to 1917, are, therefore, of interest, and 
thc'^.e arc p iven l)elo\v : — 


yh'/r/.s oj kapas i)i Ib. jiev acre at Kalianpiir. 





Cawnpore- 

American 

Aligarh white- flowered 
ih>(i 




Area in acros 

Yield 

Area in acres 

Yield 

i9i:i . 



23-0 

840 

13 0 

830 

1011 . 



18-0 

050 

5-0 

7G4 

]01S . 



20-5 

1 485 

9-S 

469 

1910 . 



138 

421 

0-5 

.510 

1917 . 



9-15 

431 

10-4 

359 

1918 . 



H-0 

8,30 

4-{l 

799 


Of these, the only good cotton year was 1913, in which year the 
average yields of Ca wnpore-.\merican and Aligarh white-fiowered desi were 
practically identical, but the yields from the best field of American 
(1.33() lb. per acre) were much higher than those obtained from the desi 
variety (1,053 lb. per acre). The desi variety used for comparison is a 
far higher yielder than (he ordinary cotton of the Camipore and 
neighhouring disti’icts, but in respect to quality is the lowest in the 
provitice, and its more general intToduction would be strongly opposed 
by most Indian spinners. During the last three years the cotton crop 
has throughout the province been seriously damaged by excessive 
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rain, but even so American cotton has yielded on the whole ns well as 
desi. As will be seen later, some of the pure lines isolated from the 
mixed crop are distinctly better yielders thati the original crop, and it 
seems clear that, as regards yield, there is no obstacle to the general 
introduction of this cotton in the irrigated portion of the Central 
Circle. 

Careful observation of the crop as grown by cultivators, and also 
detailed observations on onr farm crops, bring out certain definite liniit- 
atioTis, however, in respect to this cotton^ that areol' no small ini})ort:nice 
in its establishment as a commercial crop. It is of priinai'y importance 
that Ameiicau cotton should be sown with adequate preliminary irri- 
gaf ion well before the nioiisooii ; failure in lliis resi>ect results in stunted 
plants which never recover their vigour. l)i the early ]:)art of the monsomr 
Cawnpore-American cotton is undoubtedly somewhat more susceptihle 
to water-logging than desi cotton ; outlie other hand, faj-m results ar.d 
the experience of cultivators go to show that it is less damaged by heavy 
rain at the end of the monsoon than desi cotton. These dilTerences aie 
undoubtedly due to differences in the root, and branching systems, res- 
pectively. to which reference will be made later. 

If. is also clear that, to obtain the best results with cottons of the 
American type, they must be grown in lines and not sown broadcast— a 
practice which, though advantageous, is not common with dssi cotton, 
even when sown early with irrigation. Further, American cotton responds 
more readily to good cultivation than desi cotton and conversely is ajt 
to suffer more from neglect. 

Finally, the nccessit,y of early sowing v ith iia-igatioji is an important 
limitation, since there are few villages which in a normal year obtain 
enough canal water to permit of all their cotton being sown witli irri- 
gation. Further, as cotton follows wheat, it may occur that a cultivator 
will have difilcuity in Sjjaring time from his wheat threshing to adoijuately 
prepare land for American eotton. The latter point is not, lioweveiq of 
extreme importance, as the optimum time for sowing irrigated desi 
cotton is only some 10-15 days later than that for American, and 
earlier sowings of desi cotton arc by no means uncommon. 

It is, however, obviou.s that two essential conditions must be fulfilled 
if this crop is to be permaiiently established, viz., (f) an adequate supi)iy 
of irrigation water, and {ii) adequate arrangements for marketing htp.s 
so as to ensure to the grower the true value of the improved staple which 
he is producing. The chief practical difficulties in assuring the first 
re(iuirement lies in the fact that our great canals are organized on a 
protective rather than on a commercial basis, the object, necessarily 
perhaps, being to provide a certain amount of irrigation for the maximum 

R a 
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number of villages rather than to provide ideal arrangements for a 
limited number. The supply from the Ganges is lowest at the end of the 
cold weather and early hoi weather, and the rise in the river (with in- 
creased supplies to the canal) consequent on the melting of the snows is 
sometimes late and leaves little margin before the onset of the monsoon. 
A jriinor difficulty arises from the fact that the principal branches and 
large distributaries, running as they do along main watersheds, do not, in 
many eases, command tlie best cotton land which is naturally situated 
where the drainage is best, i.e., orj the fringes of ravines and small rivers 
and therefore at the tails of distributing channels. Until 1917 there 
were frequent complaiiits from cultivators that they did not receive 
irrigat ion water in sufficient quantity or for a sufficient time to sow a 
full area of American cotton. While tliese were not in all cases well 
founded, many of the complaints were genuine, and the matter was 
therefore taken up with the Irrigation Uepartmeut in order to find 
a metliod by wliich an adequate w'ater sii])ply could be guaranteed. 

It was clear that the eatuil su]q)Iies that could be e>;pected during 
May and early June would not permit of adequate water for American 
cotton sowings being gnaranteed on all canal distributaries, and, the 
method of selecting villages where supplies would ordinarily be good 
having proved unsatisfactory, it was decided to concentrate American 
cotton on a limited number of channels and to ask for a special supply 
of water for the village.s so conmianded, followed bv a longer closure to 
enable other channels to obtain adequate supplies for de.si cotton sowings. 
Thismetho<l was tried for the first time in 1917. and, though the increase 
in area in that year was by no means as ;narkcd as was expected, there 
was a. most marked diminution in complaints and a satisfactory increase 
in the proj)ortion of the eioj) sown at the ])TO])er time. Largely as a 
roH\ilt of this, though partly as a result of the e.xcellent prices obtained 
last year, demand for seed for 1918 sowings has exceeded the supply, 
and at the time * of writing the whole of the seed available has been 
distributed, this being sufficient for some 9,000 acres as compared to 
about 1,G00 acres sown in 1917. 

Tire organization of a market for unginned American (uuuon has been 
a matter of some difficulty. Wliilst it is a comparatively easy matter 
to obtain a fair market price for any good cotton once it is ginned and 
baled, the same does not ajiply to ungiiined cotton {l:f(j)as). Throughout 
the United Provinces no market exists for any hipas other than deni, 
and buyers practically ignore staple, some attention being paid to gin- 


* U has since been found that t his modified sysitem of distribiitimj; water for cotton 
sowings was also ad\ antaffeous to (h>ii cotton on the non-solcetcd channel and lad to 
an iiici eased area. 
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ning percentage but most weight being attached to colour and cleanli- 
ness. Under these circumstances some form of buying agency for 
American cotton was essential, as otherwise not oidy would the grower 
have obtained no premium but the cotton would have been lost to the 
trade by mixing with desi. 

In 1912-13 the Elgin Mills Co., Ltd., came forward and guaranteed a 
premium* of R.l per maund of kapas to the grower, the department 
organizing the purchase and ginning on their behalf. In 1913-M and 
1914-15, arrangements were made, before the cro]) was sowji. for the same 
mill to take the cotton after ginning at a price based on Liverpool spot 
prices for American cotton. In 1915-10 and 1910-17 similar arrange- 
ments were made with the Muir Mills Co. 

These aiTangenionts were not on tln^ whole satisfactorv to either 
party, in buying even limited quantities of cotton -aiiead, spinners 
naturally hesitated to guarantee a full ^jiice. es])ccially as the depart- 
ment could give no guarantee as to the amount of cotton whicli would 
be olTered. 0?i the oilier hand, we were not in a ]iositioii to pay out 
the full price to the grower until after all accounts had been settled and 
the prices obtained in some years were not really satisfactory from 
tlie growers’ j joint of vie^v. 

In 1917 the sanction of Government was obtained to the department 
purchasing tlui whole of the, crop of Cawn pore- American cotton and 
putting tlie, ginned cotton on the. open market. This resulted in a 
pnnninm of Hs. 4 ])e,r maund (of kapas) being paid to growers, a result 
which may be con.siderod satisfactor\', as, even with tin; abnormally 
high prices for desi cotton, this amounted to a prernium of 25 per cent. 

The spiiming trials conducted by the Elgin Mills Co., Ltd., in 1912, 
and the valuation obtained through the courtesy of the British Cotton 
(Jrowhig Association in 1913, established Cawnporc- American as a 
cotton which was apjjroximately equal to imported American cotton in 
staqile and value. This has been confirmed by subsequent spinning 
trials and valuations and mill rcjiorts. In Fcbi-uary, 1918, the cotton 
of the 1917 crop w as sold in Cawnporc at Rs. 635 per candf/ (784 1b.), 
Bombay quotations on the same date being as follows 

Fine liroiuh Spot, Rs. 05.), equivalent to Rs. 03.5 at Cawnpore. 

Sind-Amcriean-Spot Rs. OoO, of|iiivalont to Rs. G3u at Cawnporc. 

Ordinary Broach Spot Rs. GJO, equivalent to Rs. G20 at Cawnporc. 

Fine Broach Marcit-April Rs. G4o, equivalent to Rs. G2o at Cawnpoi'e. 

It is clear therefore that in Cawjipore- American we liave a cotton of 
considerable value to the trade and which can lie readily sold once ginnerl 
and baled. The organization of the market for kapas will continue to fjc 


About 12-4 per cent, at rates then current. ’ 
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of importance until the area is large enough to induce ginners to establish 
a. separate market. For the present year the department is continuing 
as last year to arraiige for the marketing of the cotton. 

The period 1914-1018 has been an exceptionally unfavourable one for 
the introduction of* any impioved cotton, With a record area under 
cotton in 1914 a severe slump in prices followed the outbreak of war, 
which led to a very great reduction of the area under cotton and a 
general lack of interest by culiivat oj-s in cotton culti vat ion. Onr arrange- 
nionts for the sale of American cotton in 1914 were entirely upset by the 
closing of the Liverpool cotton exchange, and new’ arrangements had to 
be made at the last moment. The premium pairl to cultivators (41.1-12-0 
IJor niaiind of ha pas) was good if viewed as a j^ercentage on the price of 
desi cotton, hut the rcturji to the cultivator rvas low, and tvhile few 
growers gave up American, no great dovelo])mcut took place in the 
following year. The 1915, 1916 and 1917 seasons were all unfavourable 
for cotton-growiiig on account of excessive rain, and market conditions 
were aUo extremely unsettled. In 1916-17 cotton prices showed a 
marked recovery, but the preiuinm on American cotton was inadequate 
owing (0 imperfect marketijig arra))gcments. At present, as already 
stated, owing to the excellent results of the sahj of the 1917 cro]) and to 
better irrigation arrangements, much more interest is being shown by 
cultivators than has been the case since 1911, ajid a large increase in 
area has resulted. 

11. The Improvement of Cawnpore-American Cotton. 

As already stated, a preliminary exanumition of the Cawmpore 
American crop show’cd that a cousidcTabl.c margin existed for improve- 
ment in the crop itself as re^jards ginning percentage, uniformity of lint, 
ami uniformity of agricultural typo. The isolation of pure races was 
therefore started in 1912, and this led to some iuicx])cctcd results showing 
that the field crop w^as far less uniform than first appeared. In selecting 
])lants in the Held it was found that tliere was more variation in habit 
than would be expected. Ilow’ far this is due to the effect of hybridi- 
zation betw’ecn the original importation (Upland Georgian) and subse- 
quently introduced varieties wliich had been grown in close proximity 
to the original on the experimental farm, it is now impossible to say. A 
number of different types were therefore selected and studied. Avoiding 
extremes, some 40 plants w’ere chosen in the field inl912, tiieir characters 
recorded as far as possible, and selfed seed obtained. The iirogeny of 
these plants w’ere individually studied in the followdiig year and 
characters again recorded. As it w^as clear that many of the plants 
originally chosen were hybrids and gave rise to very variable offspring 
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when sclfcd, it was necessary to self individual plants in l Ol-i and again 
in 1915 before anything approaching to a pure line could be obtained. 

The characters to which attention was paid at this stage were (1) 
branching habit, (2) hairiness of the leaf, (3) colour of the stamens, (1) 
ginning percentage, (5) length and fineness of the lin^;., ((I) shape and size 
of boll, and (7), in a less extent, the leaf shape, stem colour and the 
colour of the foliage. The characters mentioned under (7) were of 
considerable assistance in the preliminary sorting of the material 
obtained by growing selfed seed. 

The importance of the branching system of the cotton plant, in deter- 
mining the length of the vegetative period and, therefore, to a large extent, 
the capability of yielding in the short growing season \shich obtains in 
the United Provinces, has been worked out iji great detail by Leake’ 
in respect to Indian cottons. The re^tionshi]) of the foipi ol the plant 
scafiokliiig ” to yield under defined conditions has also been very clearly 
pointed out by Balls in, respect to the Egyptian cottons (whicl'i belong to 
the American as distinct to the Asiatic group). The literature on the 
habit of Upland American cottons is voluminous and confused, and it 
was only after considerable study in the field that the relatively sitnjde 
relationships existing in the inateiial under examination were cleared up. 
The various types of plants found in Cawnpore- American j-anged in 
branching habit from the extreme sympodial type with only secondary 
fruiting branches to a late flowering monopodial type with iiumertms 
limbs and producing only a few fiowering branches from the main stem 
at the top. Between these twm extremes a cnniploie rantre of inter* 
mediates occur, and, though the branching varies somewhat from plant 
to ]>lant and is affected by environment (in particular by date of sowijui' 
and by water supply), races have been isolated which arc rcanarkably 
constant in this respect. It should be noted, however, that the appear- 
ance of the plant may be very considerably modified by the doYclopnimit 
of branches from the accessory buds on the main stem. These, on the 
lower part of the plant at least, are usually non-flowering biuiiehes, and 
in wet seasons in particular such branches dev lop rclatividy early and 
t(‘ud to mask the habit of the plant. As such braiiclies rarely throw out 
tertiary floNvering branches early enough to contribute to tlie yield, and 
as they interfere to some extent with the setting of earlier flowers, the 
character, which is showm more in some races than in othei-s, docs not 
appear to be a desirable one. It has been pointed out by Leake^ that, 
in Indian cottons invariably and in extra- Asiatic cottons usually, tertiary 

J “ Studies in Indian Cot, Iona.” Metnoirfi of Ihn Dqiartmeni of .VjricalUtre. in India 
lioiauival iSeries, vol. Vi, no. 4. 

2 Atcmoir» y/ the Dej^artment u/ Agriculture in India, notaiikal Kericu^ vol. J V, qo. o. 
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branches are of opposite character to the secondary branches from which 
they develop, and that apparent exceptions can be traced to local 
damage. In Cawn pore- American, however, certain races show a marked 
exception to this rule and flowering branches are found to arise from 
flowering branches. This character is inherited regularly and appears in 
all plants of a race, though in vaiying degree, and, when well deve- 
loped, is often associated with the appearance of flowering branches 
from the accessory buds on the main stem particularly near the top. 
The cliaractei' is most common among certain early types that have 
been isolated. At first sight it would appear to be of great economic 
inijxjrtance. as it permits of the formation of a larger number of bolls 
within a limited peinod. In practici!, however, it is very doubtful as to 
ho\v much it really coiitribuies to the yield of the plant, as the flowers 
and bolls so formed shed freely and (at Cawnpore) the fruiting branches 
so formed are rarely of any length or carry more than one boll. 


Length of internodes <tnd, rknracfer of the secondary fruiting hrcuiches. 

These two characters are closely associated, Plants with long in- 
ternoihis arc usually straggling in general habit and tend to produce 
long weak lateral branches, the lower ones of which are apt to trail on 
the ground. 

Generally speaking, the best type for Cawnpore conditions appears 
to be a compact plant producing three or four ' limbs ’ (secondary noii- 
floweriiig branches) near the base of the main stem and with secondary 
flowering branches starting early, moderately short internodes and stout 
branches. 


Length of irgelal ire period prior to flowering. 

As pointed out by Leake ^ in connection with Indian cottons, this is 
closely correlated with the branching habit. The correlation is not quite 
so obvious in tlic case of American cotton as in the case of Indian 
cotton, as the flowering period is more extended aiid^ flowering more 
gradual The date of opening of the first flower was Jiot found 
sufficiently defiuitc, being so easily varied by slight damage to the plant, 
but the date ou which flowering from the secondary branches first 
became general was definite within two or three days, and this together 
with a record of the branching habit enabled suitable races to be 
isolated. 


^ Loo oil. 
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Root sjfdem. 

In the course of this work it was found that some races, one at least 
of which was fairly satisfactory as regards lint ([viality, were quite as 
short in vegetative period as desi cotton, and it was hoped that this 
would allow of later sowings and thus get over one of the practical 
dilliculties referred to mi p. 8. This, however, does not appear to be 
the case. Such very early flowering types suffer severely from boll 
shedding in the monsoon, as a large part of the crop of bolls is ]>roduced 
before the end of the rains, whilst wlien sown later these types do not 
develop well. This unexpected result led to an examination of the, 
root systems of Indian and American cottons, and abundanf, evidence 
was obtained that there is considerable diU’ei’cnce in this respect. When 
sown with irrigat ion early enough for the plants to reach a height of D" 
or more before the burst of the monsoon, both class<‘,S'of cottons deve- 
loped strong root systems rooting ilown to at least comparatively 
rajhdly. When sown later, hut still before the monsoon, both types 
still succeeded in establishing tlicmscives, tliongh the rooting of the 
American was less ^'igo^Olls and the plant less thrifty. Wlien sown in 
more or less saturated land after the advent of the monsoon, tin; rooting 
in both cases was d\varfed, but, while the dr.si cottons still developed 
fairly healthy roots and were able to establish themselves, the roots of 
the American \vei'e short and poorly developed and the plants 
stunted. 

Tlie method used in exaniLtiiiig the roots was to wash each plant out 
in .'idd with a jet of water, the ])lant being sup])orted and also lightened 
by tlie removal of branches. As work proceeded, the roots as they were 
freed were supported and a rough note of their position and direction 
made. It was found, in all plants of appreciable age, that, although the 
tap-root tliiniied out comparatively rapidly, it continued to a very con- 
siderable depth, following a conijiarativcly toitiious course and being 
practically unbranched. Little evidence of the second set of secondary 
roots at the end of the tap-root,, such, as is described by Jialls foi' Egypt ian 
cotton, was obtained, but this may have been due to the fact that examina- 
tion of the root systems of early sown plants was too long delayed, as 
it is difficult otherwise to understand the great elongation of the tap- 
root. The extraction ol the tap-root complete, from jdants of consider- 
able age, was a matter of the greatest difficulty owing to the tortuous 
course "which they follow, and in no case could one be positive that the 
whole root had been extracted. There is possibly an important field 
here for further work, which the authors -were unable to undertake 
through pressure of other duties. It is not unlikely that the root 
systems of cotton sown before and after the beginning of the monsoon 
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are markedly different; since, temporarily at any rate, subsoil moisture 
eoiidif ions are practically reversed. 

The results obtained, as illustrated by tbe accompanying photographs, 
ut any rate, clearly bring out a qualitative dill'ercnce between desi and 
American cotton. Photographs 1 and 45 (Plate I) show plants of 
Cawnpme-AiuerLcan of the same age (80 days), iSo. 1 having been sown 
on May 'iOth and Xo. -boon June loth ; the shallower rooting system 
of the latter is easily recognizable in spite of the fact that No. 1 was very 
badly extracted and many roots damaged. Photographs 9 and 17 
(Plate II) show cotton ])lants 81 days old, all sown on May 20th, 9 being 
American cotton (Pa 10) and 17 dcsi cotton. In all cases the tap-root 
was l)rokcn off in the ])r()Coss of extraction, but it is clear that, when 
sowji ut this dale, Aiuerican cotton develops a strong and healthy down- 
ward moling system, tlunigh somewhat less cpuck in developing than 
(lt.sl cotton. Numbers 10 [.tmerican] and 19 [dm] (Plate HI) both 
represent tin*, root syst(Mns of cottons 73 days old (sown on "May 2Gth); 
the American cotton, if anything, 1ms developed the better root system 
of t he two. Plml()gra[)]is 1 -laud ir)[Amci\can] and 24 and 26[dm] (Plates 
I\' and \) represent tln^ root systems of cottons sown on June 3rd, 11 
ami 24 }ie.ing Ofi days old, and 15 and 2G, 78 days old. These roots 
were much more successfully extracted than those mentioned above, 
and the much juoro vigorous development of the root systcm.s of the 
dc-sj’ cottons is marked though that of the Americans is still not unsatis- 
factory. 

Photograplis G, 13 and 23 (Plate YI) represent the roots of cottons 
,sowii on June 15th and G7 days old; 0 is a healthy American plant, 
13 a backward ])hint and 23 a plaiA of desi cotton. Here we appear 
to be approching the limit where saturation of the upper soil is 
interferijnr with tin; rooting of the American cottons. 

O o J 

Nuiubers 40 and 12 [,\mericans] and 16 and 47 [dewi] (Platiis VII and 
VUl) rcjU'csent plants 81 days old (sown on June 15th), 40 being an 
indilferciit jdant, J'he massing of the roots near the surface is at 
once clear, the vigour of the plant above ground is reflected in its 
mot system, and the more satisfactory development of the desi cotton 
mots is clear. 

Photographs 50, 52, 53 and 54 (Plates IX and X) represent the roots 
of cottoms sown on July 7th and G4 days old, 50 being desi cotton and 
the rest American ; 52 W'as the best plant that could be found in the 
field. The dilTeronce is hcr<i marked and much in favour of the desi 
cotton. Ojie has only to compare tliose with the roots of plants of 
tile same age and sown on June 3rd to appreciate the advantage of 
sufficiently early sowing for both American and desi cotton, but where- 



CAW.VrOEE-AllEiaCAN COTTON 


11 


as the latcr-sowii dcsi cotton has developed fairly healthy roots the 
later-sown American failed to do so. Actually the remaining dv.sl 
plants of this sowing matnred pioperly and furnished a croj), though 
a poor one, wJiilst the American failed. In one respect the compari- 
son is not a fair one, as in the last two sets, for want of other material, 
tlie roots of Ajnerican cotton plants from newly imported seed were 
taken for exainuiation. iliit in view of the giadiially increasing 
difference betw'een dcsi and American cottons throughont the scries, 
this would not appear to invalidate our main conclusions, viz., that 
the failure of American cotton when sown too late is due to unsatisfac- 
tory root development, and that when sown too near the monsoon the 
American plant develops a shallower root system than dcsi cotton, ;md 
will therefore suffer more from teniporai'y surface 'water-logging 
(unfortunately not iincoinmo]i) and would also suffer more from a 
})ci'iod of dry weather and hot sun following "wet weatlier. 

A reference to the rainfall graph for 1910 (facing p. will show’ 
the character of the scasoji in wdiich these results were obtained. 

Light showers which fell in May were of negligible effect, temperatures 
between times being high and the air dry. Heavy rain (o|") fell oil the 
Oth and 10th of June, followed by a break until the 22nd (but for showers 
aggregating only 0-i") ; on the 22nd a further 5^" fell aiid w’ct ^Yeathcr 
contimieil ujilil the 20th, foiiow’ed by a break until the 6th July from 
wliicli date rai]i was continuous until Sojjtcinber Jrd wuth only a slight 
break in tlie tliinl week in August. Thus sowings of the Jrd of June 
were only just up wlieii lieavy rain fell, and had barely recovered from 
this when very heavy rain foil. Sowings of June loth and later wore 
made under nionsooji conditions. The monsoon was fully a foitriight 
earlier than the average and was unusually strong and continuous. 

1 he middle of the monsoon period in a normal year at Caw’nporo is 
unfavourable to cotton grow ing ow ing to over-saturation of the soil, and 
all coltojis receive a definite check during this pesriod. American cottoji, 
if sown sufficiently early, rccovcas a.s soon as the rains slacken off and 
yields w’ell, as docs dcsi cotton. Either variety, if sown too late, fails to 
recover sulficieiitly to yield well and the American variety cannot be 
sown so late as desi. 


Hairiness of ihe leaf. 

Dliarwar-Amcrican cotton and a number of imported varieties of 
American collon have failed to yield at (.Viwn]!!!^ except in unusiiaily 
dry years, and this result has invariably been associated wTth an attack 
of aphis on tire varieties which failed. Examination of the leaf showed 
that tlieback of the leaf was in all cases either partially or entirely smooth, 
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and that plants with fully hairy leaves were free from aphis attack 
even wliejL growing iu close proximity with attacked plants. In this 
respect Cawnpore- American was practically pure, and, though some 
smooth-leaved races were isolated from it, comparatively few such rogues 
were found in the field ero|>. Whethe.r the damage is entirely due to 
aphis or whether it is partly physiological is doubtful. In smooth- 
leaved cottons aphis can invariably be found on a cloudy day during 
the rains, but the wilting of the leaves, which is the Urst sign of liainage 
to tile jilant, generally occurs when a period of briglit sunshine follows 
lirolonged rain, thus, suggesting that excessive trans])ii'ation is in part 
the cause ol I lie jilants' loss of vigour. For jiraetical purposes it was 
sulUcieiit to discard all races the leaves of which were not fully hairy. 

Flower colour. 

All jdants in the field o'oj) of Caw upore-Amei'ican. which were exaiiiiiiyd, 
showed the creamy ])etal colour usually associated with Upland American, 
and no yellow petal flowei's could be recognized, in all cases the flower 
was self-coloured, l.c.. no jietal spot was present, In Dliarwar- 
Aincricaii. on the other hand, flowers with yellow ])etals were not un- 
conmion, and the same was true of some importations grown at the 
same time, but, as these were all discarded for other reasons, this 
character was not further considered. 

Sfaincu colour. 

An unexpected result was obtained in res])ect to this character, a 
number of plants behig obtained with golden yellow stunnais as disthict 
from Ihe pale half usually asHOcialed with Uydand American. The in- 
heritance of this character is siinyde as i.)ointed out hy Balls; cojisiderable 
use was made of it in thc])reIiniiiun v)U)rting. and it lias been of consider- 
able use in recognizing natural crosses. Of the pure lines which have 
been now obtained some show golden stamens, others pale buff, and 
they w'ere easily oldained |.nirc in regai'd io this character. 

Giuuiufj pcrcenlagc. 

As has been shown by Leake this is not a single character, but, on 
the other hand, the iinj)rovement. of the pj'oportion of liiit to seed is an 
important matter since the field crop of Cawnpore- American gins from 2 
to 3 per cent, below desi cotton, thus reducing the prcmiimi which can 
be paid to the grow'cr for his kapas. The accurate determination of 
ginning percentage on small samples is no easy matter and variations are 
considerable, but it was possible to locate and discard certain races 
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whic'h showed a low ginning percentage, and to retain others which were 
not only satisfactory in other characters but possessed a high average 
ginning' percentage. It was considered that yield and lint quality were 
the first essentials, and by re-selection of the higher ginning individuals, 
from races satisfactory in other respects, it has been possible to obtain 
on a field scale a number of types which gin considerably higher than the 
original field crop. The method is admittedly inc.^act, but in the same 
wav Olmiston in the Central Provinces and Parr in the United Provinces 
were, able to isolate types of desi cotton which show markedly higher 
trinnlng percentages than the unselected field cro]). In the preliminary 
examination of small sanqdes it was also found that an examination of 
the wav in which the seed was covered enablesthc more constant ginning 
families to be recognized. The ginning percentage of cottoji when growm 
as a field erO]i varies somewhat from year to year, being aft'eeted by the 
season, and it is the general experience of ginning factories, as also on 
our c.xperimeiital farms, that in certaiji years the average is high and in 
others low. For this reason coiisifierable importance is attached to the 
trials of the various ty]H‘s on a lieid scale which are referred to later — 
tlie more so as it has been our constant experience thai, the ginning per- 
centa<T'e obtained when a cotton is gro’vm fairly closely on a field .scale is 
higlnu' than is obtjsined from a limited number of plants grown at wider 
intervals to permit of individual study. 

Li>if quaUt)/. 

A constant fa\d( of the field ero]") of Cawiqiore-Aineriean is the vari- 
ation in the staple. The detailed examination of the lint from a number 
of ])lant.s showed conclusively that thi.s was largely due to the [o-eseiice 
of races with short and rough fibre, and several of these have been isolated 
pure, though subsequently discarded. fMants were found with liin, as 
short us 0-7", and the importance of tlie removal of these from a crop 
which was commercially graded as stajile (British Cotton (Jrow'ing 
Association is obvious. Fortunately it was easy to recognize at 

least one of these families by its vegetative characters, and consetiiieiitly 
wc have been able to rogue it out on our seed farm and it is now rarely 
found in tlie field crop. Another source of unsatisfactory lint quality, 
paiticniarly in certain years, was the presence of certain late ilowering 
types which did not mature their lint well vSiich types have been dis- 
canled for this reason as \vell as on account of their low yield jrer acre, 
thoiigli us regards actual length of lint they have been by no means 
niisalisfactorv. Having obtained races of uniform agricultural Itabit 
and pure in respect ro more t)bvious characters, as many indi- 
viduals as po.ssjble were grown from selfed seed and the lint of each 
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ft xa min 0x1. Families sK owing extreme variation were discarded at once 
except in a few cases where umisnally good lints occurred, but even 
these mainly resulted in disappointment. From those that showed fairly 
uniform and satisfactory lint, re-selections were made, and finally 
families which were reasonably uniform in lint characters were obtained. 
Length was easily determinable on the combed seed and was checked by 
measurement on the ginned cotton. Fiiieness was not so easy to 
determine on small sam])les, and it was necessary to carry on a large 
number of selections only to discard them later. Strength presented 
tlie greatest difficulty of all, and it was necessary to ivait until 
sutHciendy large sanipl(‘s ww'e available for commercial examination 
before any decision could be ari'ivcd at. (Icnerally speaking, however, 
it was found that samples obtainoxl from raiies that ripened well were 
satisfactory in this respect. 

The senior author is greatly indebted to several Cawnpore spinnojs, 
particularly to Mr. Vernon, of the Elgin Mills, and to Mr. Holden, then 
of tlie Muir Mills, for assistance in juilgiog small saniples, and to Messrs. 
Tata and Sons, of Itonibay, who (at the recpic-st of the Imperial Cotton 
Specialist) examined a number of the selected types which were being 
tried on a small plot scale and whose valuations and ciiticisms have been 
of the greatest lielp. 


ami size of boll. 

This character has been of use in sorting out the various families, 
and the relation to yield is also obvious. t'onsi<lci'ablc variation was 
obtained in the field ei'op from small round bolls barely in diameter 
to largo pointed bolls comparable with those produced by some of the 
modern “ Fig Boir’ American varieties. The races finally retained 
include both medium and largo boll varieties, but it rvas found that the 
o]iening of the boll was of more importance than the size. In some 
races the boll opened badly, picking was diincult and the lint ripened 
badly ; such were discarded. Mo atteni]>t was made to select for 
hvc-h^ckcd Ixdls though these were by no means uncoinuioii. 


Method of woii'. 

The work published by Leake, Balls and others having clearly shown 
that any attcnpit to improve cotton by ordinary selection was at best a 
most uncertain affair, it uas decided that: only by the isolation of pure 
lines could definite results be li oped for, and that this must necessarily 
involve protection from natural crossing if results were not to be entirely 
vitiated. This was amply confirmed in the course of the work. On a 
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few occasions it was necessary to sow seed produced by nn 2 )rotectcd plaids 
and results were in all eases unsatisfactory. As long as single i)lants 
were being dealt with these were protected by coarse inosciuito nets 
during the principal portion of the flowering period ; bolls that sot under 
the net were marked and only seed from these was taken ft)r sowina in 
the next season. It was not possible to keep the plants under the net 
throughout the whole of the flowering periorl ; partly on account of the 
tendency of the plants to gro\v too tall and because, the ])rcsenco of the 
net interfered Avith the ripening of the bolls, and ]>nrtlv bcc.uiso it was 
impossible to net more than a limited number of plants daily. In the 
early stages, therefore, in order to obtain more hijias from each plant 
for examination of lint and ginning percentage, bolls from unseifed 
flowers were separately marked and collecied. 

Once a family appeared pure, a number of plants were covered with 
a large net so that at most they could only cioss-fertilize-cacli (tther. and 
owing to the absence of bees, the large, majoiitv were ))r(d)al)]v self- 
fertilized. In this way a pure stock of seed was obtained for further 
multiplication on a field scale and a stock maintained from year to year 

In 1912 some 40 plants were examined in the field and netted' and 
selfed seed of 32 was sown in 1913 and all tlie jrrogeny examined. A 
number were discarded by field examination in 1913. and a further 
scries of rejections made after examination of the lints and ginniim 
percejitages. Selfed seed froni 8.5 individuals was carried on into 191 r 
and in that year a few families appeared juire and a certain rnimber 
of these were protected by large nets containing 20 plants ikapos 
being collected and examined singly), while other individual.s were 
placed under single nets since it was ]iot possible to examine (ho lints 
until it was too late to protect flowers. 

In this year it w'as possible to reject a very large nias.s of the 
material for various reasons and 29 families were carried on under 
permanent numbers. Many of these were sii].)se(|uentlv di.s{‘urdo<h and 
in the case of others re-selection of individuals for lint and 
percentage was necessary. 

Tlie most promising families were not, however, obtainial pure until 
1915. 

The net result of thi.s work ha<s been to isolate from the field crop of 
bawnpore-Amcrican a number of pure lines. These can be grouped 
under a few types as regards their agricultural characters. 

Description of (he, various races isolated. 

^ As stated above, rejections were freely made as work progressed, and 
m 191« only U selections were grown out of the 29 origimdiy brought 
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under permanent numbers. The remainder were rejected for various 
reasons, chiefly on account of unsatisfactory habit or indifferent lint, 
Those retained fall into four groups. 

I. Very early : Ca 10, 11 and 28. These are all characterized by 
extremely small development of the limbs (secondary vegetative 
branches) ; they are in heavy flower within 54 days of sowing, depend 
for their yield almost entirely on the secondary fruiting branches, and 
arc the nearest approach in liahit to the local desi cotton that occurs 
amongst the Americans. Numbers 10 and 11 have characteristic red 
stems. The internodes are comparatively short : 10 and 11 produce 
small bolls, those of 28 being somewhat larger. Numbers 10 and 11 
possess the fully hairy leaf ; No. 28 has now been discarded as it is 
not fully rough-leaved and under unfavourable conditions does badly 
though good enough with really good cultivation ; an attempt to obtain 
by re-aelcction from this a race with fidl}’^ hairy leaf failed. 

II. Early : Ca 5. This type is distinct from those described above. 
The plant is low and bnshy ; good limbs to the number of three or four 
are readily developed ; and the plant is extremely prolific and shows the 
useful quality of setting bolls well under comparatively unfavourable 
conditions. The yield is largely depejident on the secondary fruiting 
branches, but th(^ tertiary fiuiti]\g branches also contTibiite considerably. 
The boll is large and pointed. This race possesses flowers with golden 
yellow anthers and is jmre in respect to this character. In respect to 
the devehtpment of the first flowers it is hut little later than the first 
group, tioweriiig coinniencing 51-57 days from sowing and the plant being 
in full dower in abotil fil-lld days. The secondary fruiting branches are 
stout and the internodes in odium short. 

HI. Ca 7 aad Ca 0. This pair and several others which were dis- 
carded for lint faults forai a gi'ouji with a slightly loiigei vegetative 
period than Ca 5, being about a week later in flowering when sown at 
the same time. In general habit they are somevhat larger than Ca 5, 
taller and with longer internodes. The boll is pointed. Flowering is 
more gradual and the development of tertiary fruiting branches early 
enough to add materially to the late yield. When sown early, vegetative 
branches frequently develop from tlie accessory buds ; and on good land 
in a wet season this type grows large and bushy but is still well within 
the necessary limits. 

IV. Medium late growp \ Ca 1,3,23 and 26. These form a distinctly 
later group, flowering about 70 days after sowing though the earliest 
flowers in small numbers appear earlier. Though the number of limbs 
rarely exceeds four or five and the first secondary bianch appears low on 
the main stem tlie plants of this group, of which 1 is the most typical. 
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develop large strong limbs, and the result in a wet season is the partial 
suppression of the earlier fniiting branches. In some years these families 
have yielded well and Ca 1 is perhaps the most typical of the original 
field crop. But as a considerable portion of the cro]) i.s de])endent on 
the tertiary dowering branches, late sowing or an unfavourablo season 
might result in a very ])oor yield- a matter which is being tested 
furtlier. 

Ca 23 differs from the others in habit, though similar in flowering 
time, and is a small compact plant with short branches and a small boil. 
Being aiiparently very hardy and ]) 0 sscssing the fully liairy leaf in a 
marked degree, it was retained for a iiiimber of years bnt has now been 
discarded. The others are biggish, bushy plants with fairly large bolls, 
medium long internodes, and stout branches growing to a considerable 
height. 

Theoretically these should be the best yielding grotiji of the lot as 
they come into heavy flower just as the monso(jn slackens off when sowai 
at the proper time ; in [tractice fJiey seem to be a trifle on the later side. 

V, Late : Calo,! and 18. There is a little doubt about the position 
of 15,1 in this grouping as it is a re-seIe(!tion and in 1917 W’as only 
very slightly later tJian the preceding group. Ca 18 is imdoiibtedly a 
later type, flowering only occurring after 78 day.s from sowing. 

Ca 18 is just on the limit for successful growing at Cawnpore. When 
sown at the usual time on good land it grows very tall and develops 
strong limbs with a good development (d fruiting secondary branches 
though thc,se are comjmra lively late. The tertiary flowering brandies 
do not develop in time for the bolls to open well except in dry years. 

Croup V is only late in a relative sense, many far later forms were 
found in the process of selection from the field crop and, as they matured 
bolls satisfactorily in the very dry year; 1913, ^yore carried on until 
1915, after which they wore discarded, it being clear that they could 
never yield ■well under average conditions. 

Field tests. 

The next stage in the wmrk wars naturally the testing of these races 
for yield and commercial snitability, and the retention and multiplication 
of those which would appear to ho the most profitable to the grow’er. 
It has been assumed from the start that it is notwoiih while growing 
American cotton at all indess a certain standard of ipiality can be main- 
tained, and all really inferior tyjies have been discarded w'ithout further 
trial. The same applies in a limited degree to ginning j)ercentaffe, and 
no type "was retained for multiplication with a ginning percentage in- 
ferior to the existing field crop. Subject to these limiU, however, the 
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pTincijial o on aid n, ration is yield. Market fluctuations in India were great 
even under l)re-^var conditions, and there is a marked want of parity 
between the ])rice3 of cottons of difTerent styles. Oenorally speaking, 
short staple cottons fi“ef|iientlY eominand in-ices out of propfu'tion to 
their intrinsic value. This being the case, it is clear that to depend on 
the extra price obtained for quality to make up for any con sulef able 
diil'erence in yield would be most unwise. Staple and ginning percentage 
from the growers' point of view are botli (‘ominercial qualities, both 
affecting the value of his /-npu.s, ami (hdicieucy in the one may be made 
up by extra value r(*r eiced for the otlu'r. 

The testing of the various pure lines (obtained has been considerably 
liaudicapped and delayed Ity a series of unfavourable cotton seasons. 
The season 11)15 was favouruhle to cotton unt il the end of August when 
unprecedented storms oceuiTed. which nearly ruined the. cf>tto]» crop bv 
actual flooding and by the ilesl ruction of flowers and btflls. In 1910 an 
exceedingly wet yi'ar was ex])erieneed. No phenomenal falls ol rain 
occurred but the rainfall from June to October aggregated 45", or roughly 
50 ])er cent, above normal, and tliere were practically no brcuiks of any 
leiigth. As might he expc(Ted all vari('ties of cotton did badly. 

\u 1917 the weather until the mitldh' of July was normal and favour- 
able i(» cotton growii^g. The next lunnth was umisually wet as was 
also I he second half of September. Iflonsooii rainfall aggregated 58", 
which was some 50 ])eT' ('cnt.. above mu’iual, and the cotton crop was on 
the whole ]ioor. 

Under these conditions, with yi(dds only some half (fl the normal, 
one <‘an only accept the results of comparisons of yield with consider- 
able reserve. The same applies to valuations of the cotton as under 
more norjnal conditions results might, bi^ (.lifl’er('.ut. 


Yields in U). per acre m:d-evUon (hapa.s). (Von; pore. 


No, 

i{)ir> 

l!)I(i 

1!)!7 

)!ll7 

' 1017 

1018 




1 

1 1 

' 111 


Ca 1 . 

CtSo 
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; 
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„ 5 . 


(2) nil : (at.-) 

,58.5 

ou 

1 451 
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000 
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„ 7 . 


ms 

522 
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„ u 
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2S 
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K(di(tnpi(r~~Soivifigs of ilifferenf dates. 


I 1915 


1 1917 


! 

1 

t rr 

III 

I 

It 

t _ 


Xo. 


DatR Ot'’ ROWISd 



r ‘ 1 1 

1 latii ; 2Stii 1 i.5Hi 
j May ' .May ^ June 


9th 

1 rlUIlO 

'a 1 . 

1 423 354 253 

' ! 

49S 4i,5 j 

335 

305 

226 

270 

,, S , 

.521 : (i3S .302 

600 516 

417 

496 

309 

376 

,, 11 . 

613 531 3.55 

542 : 544 

1 374 

439 

323 

340 

.. IS . 

395 : ... 313 

415 439 

: 3S7 

358 

12! 

245 

„ 23 . 

5S3 ’ ... 4.52 

4Sl 556 

439 


301 

413 

„ 2S . 

51S : 4S4 151 

424 391 ; 

327 

278 

160 

265 


fii 1917, seed being available, the following inimbcra were grown on a 
field scale and gave tlie following yiedds : — 


No. 


Kupit'i |)br aoro 


lb. 

Oa ^ 61 

- II 651 

1 41:{ 

IS 371 

Oi'ditiarv Cfiwnporp AiiK'rioan .... 11(5,419,4.57 


Tn ronsidering tlie yields for sowings at different dates, the dates on 
which th e monsoon conwnencM'd in the two vears eoneerned, ivV., June 
9th and June Kith re.sjxK'tively. must be allowed for, both these being 
earlier than the normal and this being distinctly to the disad\'aiitage of 
the late sown erops. In each year tlie rainfall in June and July was 
above the average. 

The following table shows the ginnintr pfi’centage end the length of 
staple as determined at the e,\]Krinientul farm for tlie vears 1916- 
1917 
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Fine. K = Rough. C=Coarse. 
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We are indebted to the courtesy of Messrs. Tata Sons & Co.. Bombay, 
for the following commercial valuation and detailed reports on the various 
cottons. 

19 L^ crof. 

Price basis , — All prices in rupees per candy of 781 lb. 


Ordinary Sind- American . 310 Kimipfca . . . .345 

(iood Sind- -American . 325 Navsari .... 375 

Saw-ginned Dharwar (American) ...... 320 

Madras Cambodia ........ 305 

Ordinary Cambodia ........ 334 


Ca 2 will spin 30’a warps .... ... 340 

24’8 „ 330 

20’s 323 

16’s .310 

1916 crop. 


Saw-ginned Dharwar . 390 Fine Sarat . . . 425 

P’ine Broach . . . 390 Navsari .... 450 

Group I — 

(’a 9 7 good for 24’g warps strong and uniform; Ca 9 a little 
„ 7 j superior in length ...... 410 

Group II — 

(fi) 2G ■> will spin 20’s warps ..... 395 
15, I ) 

(i>) 14 ) „ 1(1-20’3 „ 385 

11 3 


All tolerably hng in staple but fibre weak and not uniform Ca 11 and 14 being very 
irrcguhir. 


M 28 „ 

” 17 ? „ 
105 

„ 11 M 

.. 6J 


Price basis — 


Group HI— 

Ca 3 1 

„ 2 ) will spin 12’9 —H's Warps ..... 370 

” 

„ 5 ^ All short but uniform ...... 360 

„ 28) 

Group IV — 

Ca 18 \ Good for spinning lO’s warps, 18 the be.st and fairly 
I, 23 V uniform, the rest variable : all weak . . . 310 

„ 10 ) 


Price Basis — 

Navsari 

1917 crop. 

. 785 


Sind- American 

. 720 Surat 

, 753 

8aw-ginned Dharwar 

. 700 Pino Broach 

. 725 

Group T — 

is] tiood for AO's 

warps, almost equal bo Navsari 

. 785 
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Group II— 

Oil 7 
„ II 

” ^ for 30‘» warp?i, may be compared with 8urat> 

r. 2s 

Group III — 

Ca n , , 

'2b > Good for 20 s W'aip.*, equal to Fine Broach 
Group IV — 

^ I Good for Ifi's warps 


755 


720 

700 


All the samples arc ^i;od in strength except lo,l which is a little weik and fine soft 
and silky. 

Note — 

] 9 ] .7 a nd 1 0 m . S a rnples w e re ban d - g i nned . 

ttlL? . . Samples (except 15,1) were from fair-sized plots and 

wer» all inaohine-ginned ( Platt’s roller gin). 


Ill co!i»idcrino theise resiilia one is at, once stnu'k by the effect of 
season, the effects of the phenomenally wet season of 1916 being to reduce 
the quality in all cases and to produce weak cotton on the whole. 

Ca 9 stands out as the best throiigboni in respect of lint quality, is 
satisfactory, tliongli not the best, in jmint of ginning percentage, and 
is alsoagood yielder. Ca b is the most consistent yielder and has tha 
highest ginning percentage but is in the. lowest class as regards quality. 
Ca. 7 is but little inferior to Ca 9. 

Certain of these seleetious have India ved very irregularly as regards 
but quality. Thus Ca 18 wa.s very fair in 1915. bad m 1916. and equal 
to the best in 1917. This variation appears to be closely related to its 
late ripening habit. 

Ca 11 has done better in 1916 and 1017 fhan in 1915 but requires 
further trial, (a 28 has also been variable but has been discarded for 
other rctisous as also 26. 

Through the courtesy of Mr. F. Ttmlgkiusou, of the Indian Cotton 
Committee, the following valuations of sam])les from the 1917 crop, by 
the expert brokers to the British Cotton Growing Association, have beeu 
obtained : — 


„ 3 -2 Id. . 

„ 5 21-50d. 
„ 7 24'50d 
„ 9 2G50d. 
„ 11 21-b()d. 
„ IS 24*50(1. 
„ 20 23 00d. 
„ 28 21*00d. 


Good colour, ubout good luitklliug in grade, staple 1" to 
I jU" I'atlier mixed, 

Good colour, good middling in grade, rathei rough, 
staple I" to I". 

Rather dull, barely good middling, 1‘' to 1* stapio, 

Gu(jd middling, strong and silkv, 1 J.". 

o „ „ „ ]v- 

j, ,, good colour, 1" to I fltaplo. 

„ „ good colour, ly' staple. 

,, ,, good t'olour, I -jA " staple. 

„ ,, good colour, staple to 
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‘ Ail haiSO(,l on July Amoiicaii futures 22-(K)(i. per lb., good middling 
Aimn u iin 21 and. per lb. 

“ Tlie Ca 7, 1), 18 are very good and are cottons which could be used 
ext(‘iusive]v in Ltineasliire. and it India (amid produce any (pianlity there 
should be an excellent deniainl. Of course you will understand that 
pri<'cs are al)noriual and that it would not always be ])ossible to (ddain a. 
ba.'^is of 2bll jioinls Of foi' such cotton. Proliably 7(1 to 10() points on 
wonid be nearer the mark. Ko. Oa 20 is also a fair eotton. and could 
be usial, but not to the same extent as t he others. 

“ These samples are of comse a great irn])rovenu'nt on the samides 
<d rmijab-Anieriean IF.'’ 

Fi'<mi the above report it is clear that most of these cottons would 
fetch prices etpial to American in lameashiie, and that throe of them are 
in eveiv way suitable for jjancashire re<pii)'enieut s. _ lii the British 
(hntou tirowing Assoeiution report of PMb, the unsideeted ('awnpovc* 
Annuican was grad(‘d as low middling Ameriean with a stajile, ot 
silkv, strong hut ij'n'gular. iri('a 7, h, 18 (lie ieiiglli of lint has Ikmui 
maintained without the hregularity wliicli was undoubtedly duo to a 
mi.xfiiie ol tiU'.es. 

Tin; field test ing (d' these groujis is still in progress, a series id' test 
]dots having been sown at different dates over a ]ieriod of a month or so. 
Kosnlts up to the. ])rescnt would indicate that tlie famdies o, 7, U are t.he 
most likely to be really gond yielders under average loiiditions. Earlier 
tvpi'fi dower too freelv before the end of the rains and in most years lose 
a lot of Ixdls by sliedding, later tyjies do not niatui <■ a siitlieienl proportion 
(d the bolls formed on the tertiajy fruiting branches, on which they are 
largely dcjieiidciit for their yield, bcloie the cold weatlier. 

It is at any rate of inUu'est to note that a set of selections of consider 
able value have been obtained and that the best of tliem are suitable for 
siitmiing miieli lilglier counts than was considered feasibhd with 
the unsclccted field crop. The ap])areiit suitalulity of these cottons for 
relatively line w'aips is of particular importance. 

III. Trials of New Importations. 

FoiH'iirreiilly witii the attempts, which have been described above, to 
imjirove (awnjiore .Vinericun cotton by the selection of pure lines, a 
number of recent iiiiiioiiations have been tried, In 10J2, the following 
varieties obtained through tlie kindness of Mr. Henderson (then Deputy 
Director of Agriculture, Bind) were grown : — 

Toole, Texas Big Boll, Black Rattler, IbiydV. Ih’oliiic, Allen’s Long 

^tii-purlw of Elgin Mills! spiiming triaU. The AaricuUural Jmirml vf Indin, vo\. 
VIJP pt. lY, 1013. J > 
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Staple and Peteikin. To tliese were subsequently added Griffin and 
Triumph. 

A number of “ acclimatized ’’ American cottons were also tried, viz., 
Dhar war -American, Puri, and some Lya 11 pur- American selections kindly 
supplied by Mr. Milne. None of these cottons did aa'cII in 1912 which 
was a fairly favourable season, and Cjiwnpore-American stood out/ as the 
best. In 1913 with a very dry season many of the imported Americans 
yielded extremely well. Simultaneously with the field trials of these 
imported cottons, an attcm])t Avas made to isolate from them the races 
best suited to our conditions, since they were none of them homogeneous, 
and it was thought that this method might lead to more definite results. 
In ]>articular an attempt was made to isolate rough leaf types. These 
efforts only resulted in disappointment. In 1913 all cottons grcAv well 
and it aj)j)eared tliat stajiled varieties like Black Rattler could be success- 
fully grown, and typos of plant Avhieh in general ha.bit differed little from 
Cawuporo- American were [kicked out. But in the subsea [uent wet 
seasons these all went down with aphis and the usual “ red leaf ’’ damage 
that follows. 

In 1911 a further im])ortation of modern American varieties was made 
and tile lellowing varieties Averc tried : — Gohimbia, Poster, Durango, 
Trice. All iliese A\'ere excelleni; for our conditions in branching habit and 
date of floAvering, but all went doAvn with aphis and all possessed a smooth 
leaf. Tn this year two seleeiioiis from Black Rattler and Boyd’s Prolific 
showed |)romiso but faileil later. 

In 1917 some more new importatifms from America Avere tried, viz., 
Cleveland Big Boll, Cook, Simpkin's Ideal, Perry, King and Myatt’s 
Karly Prolific, These failed in the same Avay as earlier importations and 
were diojipcd. 

Dharwar-Ainerhni, As a field cro]) this had proved inferior to 
Cawnpote-Ameiican in 19 M. but some selections were made from it and 
carried on for a number of years, since Dhar war- American is an old 
established crop in Bombay and is believed to have been originally New 
Orica tjs wliile Cawiqiore-Ajiieriean is belie.ved lo have been Upland 
Georgian. The field croji was unsatisfactory on account of the large 
miniber of smooth- leaved plants, but it was possible to find rough-leaf 
types. These Avere di.scarded later, being inferior to those obtained from 
CaAA’iipore- American in otlie]- characters. 

Bun. Seed of this cotton, the origin of A\liicli is not very definitely 
knOAvii but which may have been imj)orted at the same time as the lot» 
from Avhich CaAvipiore-Aiiieriran and DliarAA*ar- American originated, was 
obtained from Aligarh Avherc in dry years it had been showing some 
promise. At CaAvnporc, except in 1913, it Avas unsatisfactory on account 
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of its long vegetative period and late flowering, the plant growing large 
and bushy but producing little cotton. Nor was it possible to isolate an 
earlier race from it. The fault appeared to lie in tlie general habit of 
the plant, since even when sown early it did not cease vegetative growth 
and develop flowers early enough to yield w'cll before the cold weather 
set in. This cotton clearly rccpiircs either drier conditions than exist at 
Cawnporc in an average year or else a later cold weather resulting in a 
more lengthy fruiting period. 

Lifdllpur-Amerimns. These appeared to bo too long in vegetative 
period and too bushy in habit for our conditions and w ere dropped after 
the second year’s trial. This was not unexpected as American cotton 
occupies a different place in the rotation in the Punjab canal colonies to 
what it does in the United Provinces, and it was hardly likely that a 
cotton selected to suit those conditions would also do well at Cawnporc. 

These results, though negative, arc of iin])ortance as showing the 
danger of wholesale importations of e.vntics. Whetlicr their failure is 
entirely due to their lack of the hairy leaf is uncertain, but it is signifi- 
cant that most of the types tried were satisfactory in all other readily 
recognizable characteristics, 

IV. Variations in Climatic Conditions from Season 
to Season. 

As pointed out by Leake and Parr h the cotton -growing season in 
the United Provinces is charactei ized by its relative sliortncss, and this 
is aggravated by the nature of the rainfall during the middle period 
during which rain is so heavy that the soil is more or less constantly 
waterlogged and a definite check to the growth of the plant occurs. A 
reference to the table (or weekly rainfall (Appendix ll) and to the graphs 
for same {see opposite) will show that in the past ten years there has 
been very considerable variation in the course of the monsoon. Thus 
the first, rainfall has been received any time between the first week in 
June and the middle of July, and there have been et|iially considerable 
variations in the subsequent course of the monsoon. M is generally 
recognized that for irrigated cottons near Cawnpore the less the rainfall 
the better the crop, and for' cottons sowui wdtJi the rains the same is 
roughly true, provided there is cnougli moisture at a suflicienily early 
date to permit of sowings, and that the croji receives enough rainfall 
during the early part of the monsoon to establish itself. Thus the two 
best recent years as regards cotton }fiplds have been 1908 and 1013 when 
the irrigated crop was exceptionally fine and yields as high as 500 lb. 


* The, Agricultural Journal oj Indiiu voJ VI, pti. i. 
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per acre of ymned cotton were obtained. Such seasons are, however, 
the exception and arc only mentioned because in such years alinosb 
any cotton will yield well, and the results obtained may consequently be 
very misleading since ui\doi‘ tlicse conditions nut only are yields unduly 
favourable but the habit of the plant is appreciably modified and late 
types do unusually well since they receive no check in growth. 

Generally si)eaking, our monsoon can be divided into three periods, 
so far as cotton is concerned, and damage in one or the other by excessive 
rain must be expected, whilst in some years, such as 11)10, rain may be 
excessive throughout, continuous wet weather being more disadvantage- 
ous to cotton than heavy falls with marked breaks. 

The year 1910 is an example of a season favourable as regards the 
initial period and unfavourable at the end but presenting no unusual 
features in the middle ])ori()d. ^Vith light rain up to the middle, of July 
all lyjics of ccitton made a good start. The second ]xu'iod with consider- 
able though not very excessive rainfall encouj'aged c.onsiderable vegeta- 
tive growth. Rut the third period was disastrous and the heavy storms 
and generally wet weather then exjierieneed resulted in the loss of nearly 
two-thirds of the cro)). Not only were flowers destroyed and bolls 
prevented from setting, but the waterlogging was so severe as to cause 
the shedding of early bolls wliieh were already well developed, and the 
plants were generally weakened. 

The converse effect is perhaps best seen iu 191 '2 wben rainfall was 
considerable in the early stages and late sown ci' 0 })s were only established 
with difficulty, but the rainfall in September was light and the crop was 
on the whole good though there was a tendency to excessive vegetative 
growth. 

The above, considerations, cou])lcd with the fact that cultivators’ 
land is as a rule iuade(juatoly drained -being unfortnnately often in- 
capable of any railieal iinprovimumt in this respect witli our present 
system of boldings— make it ch'ar that resistance to waterlogging is a 
primary essential for any cotton that is to be establislied in this part of 
the United Provinces, There seems ]U) method of testing this other 
than by careful field trials of pure lines couphal with detailed observa* 
tion over a series of years. It is for this reason that so many types 
have been retained and that their testing is not yet completed. 

V, Cultivation Experiments. 

From 1012 onwards a series of experiments on ilio cultivation of 
American and desi cottons wore carried out at the Kalianpur farm, 
Cawnpore. It is only proposed to give the general conclusions arrived 
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at here : for details tlie reader is referred to the annual reports of the 
experiment station. 


• /. tJurhf cirlfirntion. 

i In the United Provinces cotton commonly follows wheat and very 
■'little cultivation is given prior to sowing, the usual ])r;M:‘{iee being to 
plough for the first time when the land is Hooded before sowing. A 
series of caref\il experiments showed that much better results were 
obtained if the la!id was Hooded ainl ]ilonglied immedi.itely after the 
Avlieat harvest, and left as a broken fallow until sowing time instead of 
being allowed to bake hard until just before sowing. Also although this 
involved two Hoodings instead of one, there was an advantage even from 
the irrigation ])oint of view in early ploughing, since sowing time is the 
period of greatesl. jiressnre on the canal su[)plies and a broken fallow wa.s 
found to lAMpiire less wa(er than an unbroken fallow. Karly jilonghing 
was e<|nally advantageous foi’ dc.so' (adton. Pliis result is what one would 
anticipate, hut the practice of early ploughing is difhcult to introduce 
as both men and cattle are then fully engaged in threshing operations. 

2. Li tic versus hrodfh-a.s'i .svwing. 

Drsi cott<m in these ])i'ovinces is usual ly sown broadcast tho\jgh 
sowing in line is undoubtedly better- at least for iiaigatcd cotton. 
In the case of America!! cottoii shoving in lines is almost essential if the 
best results are to be obtained, as olllel■^vise thinning and weeding aro 
badly eai'i'ied <jiit ami a lai'ge luimber of plants are badly dev'eloped in 
Consefiuence. 

With really good cullivation and careful sowing a distance of ,3'xlV 
is haiaily too much from plant to j)lant. but on the whole a distance of 
3'x2' in really good Helds and 2' (i"x U H" in a.verage fields has jwoved 
most satisfactory. "With wider plantings there i.s the risk of loss of 
yield through ini])erfect germination (to which cotton is particularly 
liable) or through poor devehduneiit in an unfavourable season. 

3. Ridge versus flat sowing. 

\\ lien cot ton is sowii in lines in the United Provinces the country 
piougii is generally employed, the seed being drojiped by hand in the 
aha How furrow so formed. Kidge sowing on the Egyptian system was 
tried for two years and at first showed some ])rospects of success, but 
generally the germination was not so satisfactory us by the commoner 
method ; no propoi tiunato advantage to the plant was recognizable 
»nd the additional cost of labour was considerable. 
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APPENDIX I. 

Note on 1918 results. 

While this bulletin was in the prc\<s some results froin the 1918 crop 
have become available, and certain of these have been incorporated in 
the text. The year 1918, though extremely a])normal, \va« more favour- 
able to irrigated cotton than cither of the three preceding years. As 
will be seen froni the subjoined table, rainfall was extremely low, the. 
season beijig the driest, for some Kt years. Ilesults obtained in such a 
seasoii have naturally to be accept(^d with some cauiiot) a,.s the crop was 
entirely raised on irrigation and yields Avere largely determined by 
success in timing the waterings— a point on which \vc have T^o previous 
experience at (‘awnjmre to guide us. 

At the Kalianpur farm Ca 9 was the most consistent yielder on a 
large scale ; the results from plots sown at different time.s Avere as fol- 
lows ; — 


Yivhls o/ ntn/zhncf/ cn//on (ka 

pas) iv lb. I'cr 

acre. 


First stt\vin<i ; 

Si’(.a)nil sowing 

I Tliifil sowtn!» 


Mav !4lh i 

1 

1 

May 24tf. 

Juno 10 th 

Ca 1 

OS 2 488 i 

55 (i 498 

010 057 

Ca 5 . 

587 742 I 

575 701 

707 851 

Ca 7 

582 587 : 

001 755 

I ! 

001 725 

Ca 9 

494 Ii 02 

1 (i 02 094 

008 740 

Ca U 

4 fil 51,1 

ti 21 058 

085 701 

Ca 15,1 .... 

585 710 

595 701 

! 

011 815 

1 


At the Experimental Kami. Ca 5, 7, 9 and 1 1 have all yielded well. 
Rainjfdl lOJS. w -ipchpy. 


Mu.v 

tst to 7tli 
Stli to l-Ath , 
Kith to . 
tilth to itUt . 
.tune — 

1st to 7th 
Sth to lotti 

loth to -ihil , 
:>4tii to 30lU 


0-28 

nil 

nit 

nil 


O-C") 
(.1-1 7 
nil 
U-9t 





CA\VM’OT!K-AMERTrAN COTTOX 

81 

July — 

. 0-25 

1st to Till ......... 

Sill loLli 

. 0*78 

Kit li to . 

. 0 10 

2.1tli to :u.st 

. ulM 

Auifust. — 


l.st to 7tli 

. 0*01 

Sth to l.otli 

. nil 

Kitli to 2:trd 

. :vi;i 

‘iJtli to It 1st . 

. 2-17 

ScptotnliCf — 


1st to "tli ......... 

. 1-2S 

Stlitol.Uli 

. nil 

Itith to 2;Sr<l 

, nil 

24tli to :lotli .... .... 

nil 

< •clol.iei' . . ... ... 

. ml 

'I’oTAr. 

. 10-00 

XorttutI 

. :u-r.i 
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Total . 31-51 
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Publications of the Imperial Department of Agriculture 
in India. 


To 1)6 had from 


The Office of the Aj^iieultural Adviser to tlie Government of India. Pusa, Bihar, 
and from the following Agents ; — 


1, Thacker, Spink & Co., Calcutta. 

2. W. Newman & Co,, Calcutta. 

5. Uai M. C. Saikar Bahadur & Sons, Calcutta. 
4, Higginbothams, Ltd., Madras, 
f). Thompson & Co., Madras. 


6. D. B. Taiaporevala, Stuis & Co., Bombay. 

7. Thacker & Co., iTd., Boiiihay. 

8. Sunder Pandvirang, Bombay. 

9. Kai Sahib M. Gulab Singli & Sous, Lahoi’t', 

10. Manager, Educational Book Depot, Nagpur. 


A complete list of the publications of the imperial Department of Agriculture in India 
can be obtained on application from the Agricultural Adviser to tlie Government of India, 
Pusa, Bihar, or from any of the above'mentioned agents. 

These publication.? are: — 

1. The Atjriv.ulhtral Jotn-nol of Intho. A Quarterly Journal dealing with .siihject.s connected 

with agricultural ecoiioiiiics, field and garden crops, economic phints and fruit..'?, soils, 
manures, methods of cultivation, irrigation, climatic conditions, insect pests, fungus diseases, 
co-operative credit, agricultural cattle, farm implements and other agricultural matters in 
India. Illustrations, including coloured plates, form a prominent feature of the Journal. 
It is edited by tlie Agiieulturai Adviser to the. Government of India. Annual Subscription, 
Rs. 6 or 8.?. 6r/. including postage. Single copy, Ra. 2 or 3?. 

2. Scientitir Report.s of tlie .A gricultuial IJesearcli In.'^titute, Pu,S3. (including the Report of the 

Imperial Cotton Specialist). 

5. Annual Report on the Progress of AgricuHiire in India. 

4. Proceedings of the Board of Agriculture in India. 

5. Proceedings of Sectional Jlcetings of the Board of Agricultor«. 

6. IMemoirs of the Imperial Department of Agriculture in India. 

(«) Botanical Series, 

(6) Chemic.al Series, 

(c) Eritoiuological Scries. 

(J) Bacteriological Series, 

[e) Veterinary Series. 

7. Bulletins issued by the Agricultural Research Institute, Pusa, 

8. Books. 

'I'he following are the publications of the last two years 

Seieiitific l{e]Kirts of the Agricultural Rescurcli Institute and College, Pusa (including the Repuit 
of the Imperial Cotton Specialist) fru- the year 191647. Price, An. 9 or lOJ, 

Scientific Reports of the Agricultural Research Institute, Pusa (including the Report of th'.' 

Imperial (.'otton Specialist) for the year 191748. Price, R. T4 or 2-‘'. 

Rc[iort oil the Progre.'^s of Agrieiilturo in Tiidia for the year 191647. Price, As. 12 or U. hi. 

Heiiort on the Progress of Agrieijllure in India fur tlie yeai' 191748. Prii e, R, 1-8 or 2.>*, 5i/. 

Proceedings of the iMycological Conference, held at Pusa on the 5th February, 1917. and 
folloning days. Price, As, 2 or 3J. 

Proceedings of the Biaird uf AgiieuUure in India, lichl at Puuna on the lOtli December, 1917, and 
following days (with Appendices). Price, As, 13 or Is. Zd. 
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MEMOIRS OF THE DEPARTMENT OF AGRICULTURE IN INDIA. 
Botanical Series. 

Vol. IX, No, I, The Dissemination of Parasitic Puiigi and International Legislation, by 

E. J. iiUTLEn, F.L.s, Pricc, R. 1-4 or 2«. 

Vol, IX, Ntn II. The Inheritance of Cluiractei's in Rice, I, by E. R. Parnell, b.a., Ag. 

Dip. (Cantab.); G. N, Rakgaswami A'^yangar, b.a., and K. Ramiah, 
L. Ag. Price, R, 1-8 or 2a. 

Vol. IX, Nu. Ill, Ornl,„ntfn- as a Paia.sitc in Bihar, by F. J. F. i^lIAW, D.SC,, A,R.C,S., F.L.3. 
Price, R. 1 or U. 6il. 

Yob IX, No, IV. Studies in Indian Sugiircaiies, No. 3, the Classification of Indian Canea 
with .spoeial rcfeietice tu the yaretlia ancl Hunnabile Groups, by C. A. 
pAniiLii, sc.i). Pib e, Rs. '^A or 3,s. 

Vol. IX, No. V }‘Ii ijh>iihfhurii Miodii n. sp. (Jii Jh. cca by W. McRae, m.A., 

tf.se., F.L.s. ih'K'o. R, 14 or 2i'. 

Vol, X, No. 1. 1 be Riee Woiiu {T | and Its Control, by E, J. BuTLEU, 

M.B., F.L.S. Pi'ite, R. 1-4 ur 2v. 

Vol. X, Xu. II. Studies in Indian SagareaiU's, N". 4. 'lillerin;' or L’ndergronnd Bnineh- 
itig, ly C. A. I’),\i:in.ji, c.i.l'.,, se.o,. f.L,.s. [In fhe p/c-j-s.) 

Vol. X, No. Ill, Studie.s in IndiLiii Sngaivane.s No. 5 On te.sting tlie snitabiliiy of sugar- 
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